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157] ABSTRACT

Process for disposing of clay, shale or sand containing
earth contaminated with petroleum products from a
variety of remediation sites is disclosed. The surround-
ing contaminated earth to be remediated is first exca-
vated. Then, any clay or shale which is present is sepa-
rated from the other materials and transported to a site
of a cement plant. The non-clay or non-shale material is
disposed of in a non-hazardous landfill. At the cement
plant, the clay or shale is mixed with other cement
precursor raw materials and the mixture is ground to
form a cement feed mix. The feed mix is introduced into
a rotary cement kiln causing any remaining petroleum
product contained therein to be volatilized and burned
within the kiln as the cement clinker is formed. The
clinker is then ground for the purpose of forming ce-
ment free of petrolenm product.

11 Claims, 5 Drawing Sheets
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METHOD OF DISPOSING OF EARTH
CONTAMINATED BY PETROLEUM PRODUCTS

CROSS-REFERENCE TO RELATED
- APPLICATION

This application is a continuation-in-part of U.S. ap-
plication Ser. No. 07/852,316, filed Mar. 18, 1992, enti-
tled “Method Of Disposing Of Earth Contaminated By
Leaking Underground Storage Tanks”, now U.S. Pat.
No. 5,236,283, 1ssued Aug. 17, 1993.

TECHNICAL FIELD

The present invention relates to disposal of earth and
material contaminated with organic materials and more
particularly, to earth and material containing clay, shale
or sand contaminated by leaks and spill occurring at oil
fields, refineries, above and underground fuel storage
tanks and during transportation.

BACKGROUND ART

At the present time, substantially all earth materials
removed from leaking oil fields, refineries, underground
storage tank (LUST) and spill remediation sites, is dis-
posed of in Type II, non-hazardous landfill sites. With
the rising cost of solid waste disposal, the ever decreas-
ing number of available landfill sites, and the increasing
number of remediation sites, the disposal of contami-
nated earth has become a very significant economic and
environmental problem. The disposal of earth contami-
nated by petroleum products in landfills is, at the pres-
ent time, the least expensive viable disposable alterna-
tive. However, disposal in landfills is acknowledged by
several environmental agencies as the least environmen-
tally favorable remedial action alternative. Even in
Type II, non-hazardous landfill, some leaching inevita-
bly occurs resulting in the petroleum products con-
tained in the contaminated earth gradually evaporating
into the atmosphere or leaching into the water system.

For some time, rotary cement kilns have been utilized
for the purpose of disposing of hazardous organic waste
and toxic metals. In the case of waste containing hazard-
ous toxic metals, the toxic metals become encapsulated
in the cement clinker and ultimately in the cement. At
instances of high toxic metal concentration, the cement
products are merely used to stabilize the waste and
enable the waste to be disposed of in a hazardous landfill
site. In other instances where the toxic metal content is
relatively low, there have been proposals to actually
utilize the toxic metal containing cement clinker to
make commercial Portland cement. U.S. Pat. No.
4,984,983, Enkegaard, and U.S. Pat. No. 4,921,538,
Lafser, Jr. et al,, illustrate prior uses of rotary cement
kilns in the disposal of toxic waste.

An object of the present invention is to reduce the
volume of earth from oil fields, refineries, spill and
LUST remediation sites which need to be disposed of in
Type H landfills.

Another object of the present invention is to form
Portland cement from clay, shale or sand removed from
remediation sites which are contaminated with petro-
~ leum products and are qualified as non-hazardous solid
waste products pursuant to 40 CFR § 261.4(d)(10) (Jul.
1, 1990 edition).

An advantage of the present process is that limited
landfill space is not needlessly used by petroleum prod-
uct contaminated clay, shale and sand, and the need to
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2

mine clay and shale to supply cement plants is also
reduced.

These and other objects, features and advantages of
the present invention will be readily apparent from the

attached drawings and described in the accompanying
specification.

DISCLOSURE OF INVENTION

The process of the present invention is useful for
disposing of earth contaminated with petroleum prod-
ucts from remediation sites leaking underground stor-
age tanks (LUST), the soil surrounding oil fields, refin-
eries, storage areas and spills occurring during transpor-
tation. When the contaminated earth surrounding a
remediation site 1s excavated, the clay, shale or sand is
separated from the other material and transported to the
site of a cement plant. The clay is then mixed with other
precursor raw materials and ground to form a feed mix.
The feed mix is introduced into a rotary cement kiln,
causing any remaining petroleum products contained
therein to be volatilized and burned within the kiln as
cement chinker is produced. The cement clinker is then
ground to form cement which is free of petroleum prod-

uct. The process can be used to dispose of contaminated
shale and sand as well as clay. Both clay and shale are

primarily comprised of a mixture of one part Al,Oj3 to
two or three parts of SiO,. Preferably, the clay is dis-
posed of utiizing a wet cement making process while

the shale is disposed of utilizing a dry cement making
process.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic side cross-sectional illustration
of an underground storage tank and the surrounding
earth; .

FIG. 2 1s a side elevation of a LUST site being reme-
diated;

FIG. 3a is a side illustration of a clay storage pit at a
cement plant;

FIG. 3b 1s a schematic illustration of a section of a
wet process cement plant used to form the feed slurry;

FI1G. 3¢ 1s a schematic illustration of a rotary kiln
portion of a wet process cement plant;

FIG. 3d is a schematic illustration of the clinker
grinding and cement storage portion of a cement plant;

FI1G. 4a 1s a schematic side illustration of the shale
grinding and raw material storage portion of a dry pro-
cess cement plant;

FI1G. 4b 1s a schematic illustration of equipment for
grinding and storing the dry feed mix in a dry process
cement plant; and

FIG. 5 1s a schematic illustration of a series of poten-
tial remediation sites, namely, an oil field, storage sites,
transportation spills and the refinery.

BEST MODES FOR CARRYING OUT THE
INVENTION

The process of the present invention is for disposing
of earth contaminated with petroleum products from
various remediation sites, particularly leaking under-
ground storage tank sites. An underground storage tank
and a storage tank remediation site are illustrated in
FIGS. 1 and 2. Underground storage products tanks
commonly used for storing gasoline, diesel fuel and fuel
oil, are currently the cause of a great deal of environ-
mental concern. Petroleum products from leaking un-
derground storage tanks are gradually leaching into and
contaminating our ground water. As a result of increas-
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ing age of steel fuel storage tanks and more stringent

state and federal standards requiring the removal of

leaking tanks and the remediation of the site, the dis-
posal of contaminated earth has become a significant
problem.

FIG. 1 schematically illustrates an underground stor-
age tank and immediately surrounding the LUST 10isa
layer of sand and gravel 12. The LUST 10 is below
grade in a shallow pit formed in the earth 14. The
LUST 10 is covered with a relatively thick layer of sand
and gravel and the site 1s typically capped with a layer
of asphalt 16. There 1s no practical way of repairing
LUST in place and the most common remediation pro-
cess requires that the LUST be removed and all of the
petroleum contaminated earth excavated and removed
from the site.

Clay Disposal

FIG. 2 illustrates a conventional shovel or back hoe
18 removing soil from a pit 20 from which the LUST
has been removed. The operator shovel 18 carefully
sorts the material excavated from the pit into two cate-
gories. The operation puts clay 22 in one pile, in this
case, within truck 24 and stores non-clay materials 26,
separately. Separation in this gross level 1s sufficient, it
is not necessary to completely remove all sand and loam
from the clay. The clay 1s then transported to the site of
a wet process cement plant and non-clay material 26 1s
transported to a non-hazardous landfill site.

Clay 22, when at the wet process cement plant site, is
deposited in a clay storage pit 28 as illustrated in FIG.
3a. Clay storage pits of this type are quite common and
conventionally used in wet process cement plants. Pit
28 is a large lined pit which is partially filled with water.
The clay, when deposited in the pit, begins to absorb
water waiting further processing. As needed, clay will
be transported from pit 28 to centrifugal mill 30 by a
clam shell bucket 32 which translates along an overhead
beam. Centrifugal mill 30 mixes the clay with water and
forces the clay through a series of holes in a rotating
drum to form a fluid clay ship. The clay slip is then
pumped to the wet slurry grinding mill illustrated in
FIG. 3b.

Wet slurry grinding mill 34 mixes the clay slip with
other precursor raw materials used for making cement.
The largest additional raw material is limestone. How-
ever, additional raw materials such as iron or silica sand
as well as numerous other materials are added in order
to make adjustments to the fimished slurry composition.
These other cement precursor raw materials are stored
in a series of silos 36 and transported to grinding mill 40
in a conventional manner as schematically illustrated in
FIG. 3b.

The slurry output from the grinding mill is then care-
fully screened and mixed prior to storage in a holding
tank waiting usage. The feed slurry is next introduced
into a heated rotary cement kiln, in a conventional man-
ner as illustrated in FIG. 3¢c. The temperature of the kiln
causes any remaining petroleum product in the slurry to
be volatized and burned as cement chinker 1s produced.
Raw mix kiln 38 typically will operate at a temperature
of approximately 2750° F. m order to achieve proper
calcination of the clinker. These operating temperatures
burn off all of the hydrocarbons contained in the petro-
leum products resulting in the production of clinker
which is free of petroleum products.

The clinker formed in the rotary kiln 38 is then trans-
ported through a series of conveyors 40 to a storage bin
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42 illustrated in FI1G. 3d. The clinker and gypsum are
then mixed together and ground in grinding mill 44 to
form cement which 1s totally free of petroleum product.
The ground cement is sized utilizing an air separator to

insure that only finely ground cement is pumped into
the bulk storage bins 48.

Shale Disposal

In many areas of the country, particularly in the Mid-
western United States, clay will make up a very large
part of the earth removed from a remediated site. Ce-
ment plants in that geographic vicinity will typically
utilize a wet process cement kiln due to the availability
of clay. In other areas of the country, however, where
clay is not really available and shale 1s common, shale is
utilized in the formation of cement. Both shale and clay
are comprised primarily of a mixture of Al;O3 and two
to three parts of SiO;. Clay typically has a significant
amount of water, the actual amount of which varies.
Shale, on the other hand, has little water, but frequently
will contain, mica and other minerals. Shale, is quite
porous and 1s capable of absorbing liquids. It is there-
fore necessary to remove shale contaminated with pe-
troleum products when shale is present at the remedia-
tion stte. Shale contaminated with petroleum products
can be disposed of at a dry process cement plant. It also
should be noted, however, that shale could be ground
and mixed with water to form a fine slip and used in a
wet process cement plant just as clay could be dried
using a dry process cement plant.

The dry process cement plant works substantially
similar to a wet process plant, particularly in the area of
the rotary kiln and the clinker processing equipment
downstream thereof. The primary difference resides in
the equipment for processing the raw material feed mix
which is introduced into the kiln. FIG. 4¢ illustrates a
truckload of shale S0 being deposited in primary
crusher 32. The output of primary crusher will be rocks
of approximately 5" size range. The primary crusher
output will then be further crushed in a secondary
crusher to reduce the shale to approximately the 2’ size
range. The crushed granular shale is then stored in
storage bins 56 along with other cement precursor raw
materials. Next, the raw materials are fed into grinding
mill 58 where materials are ground together to form a

- dry feed mix. The ground mix is sized using an air sepa-

rator 60. The finely ground mix is blended in a blending
stlo 62 and stored in a storage silo 64 waiting to be
introduced into the rotary kiln. From a general stand-
point, the rotary kiln illustrated in FIG. 3¢ and the
clinker processing equipment illustrated in FIG. 3d
previously described, will be operated substantially
similar to the rotary kiln and clinker processing equip-
ment utilized in a dry process cement plant.

As one can appreciate from the description of this
shale disposal process which utilizes the dry process
cement plant, the clay disposal process using a wet
process cement plant, are very similar. Both processes
begin with digging up a LUST and the surrounded
contaminated earth. The earth bearing a mixture of
AlO3 and SiO», 1.e. clay or shale, are separated from
the other materials. The AlLQ1+4 SiQ; material is trans-
ported to a cement plant site and is mixed with other
cement precursor materials and ground together to
form a feed mix. This feed mix is introduced into a
rotary cement kiln causing any remaining petroleum
product contained therein to be volatilized and burned
within the kiln as cement clinker is formed. Finally, the
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cement clinker 1s ground to form a cement which is free
from petroleum products. Preferably, prior to this final
grinding step, gypsum is added to the cement clinker so
that the gypsum cement clinker can be simultaneously
ground for the purposes of forming Portland cement.

Sand Disposal

While the raw materals for making cement comprise
primarily clay (or shale) and limestone, other materials
such as silica sand and iron are needed in order to adjust
the composition of the feed mix. Typically sand repre-
sents about 1% of the total feed mix on average. How-
ever, a very large modern cement plant can use as much
as 10,000 tons of sand per year. It is therefore possible to
dispose of a portion of the sand removed from remedia-
tion sites which would otherwise be landfilled. The
amount of sand contaminated will generally exceed the
needs of area cement plants. It is therefore believed that
sand from remediation sites will only be utilized when
the sand is clean and relatively free of other earthen

materials.

- When disposing of contaminated sand, using the
method of the present invention, sand is first excavated
from the remediation site. The sand is separated from
the non-sand materials. Preferably, the earthen material
will be separated into three categories: sand, Al,O3+-
Si0O7 materials, and other materials. The contaminated
Al,O3+SiO; materials can be disposed of as previously
described. The contaminated sand is then transported to
the site of a rotary cement kiln. Cement precursor mate-
rials are mixed together to form a mixture and contami-
nated sand is added to this mixture to achieve the de-
sired silica level. The mixture is then ground to form a
feed mix. The feed mix is introduced inside the kiln,
causing any remaining petroleum products contained in
the sand to be volatized and burned within the kiln as
the cement clinker is being produced. The cement clin-
ker is then ground, forming cement which is free of
petroleum products.

Non LUST Sites

In addition to leaking underground storage tanks, a
number of other remediation sites are potential sources
for earthen materials that are contaminated with petro-
leum products. FIG. S schematically illustrates a num-
ber of other potential remediation sites, namely, an oil
field 70, a pumping and storage facility 72, a spill caused
during transportation 74, and an oil refinery 76.

Oil fields are typically the sites of petroleum spills and
contaminated soil will frequently be located adjacent o1l
wells 78 and piping 80 utilized to transport the oil from
the well site to a remote location. While major oil spills
occurring at an oil field site will require immediate
remediation, the majority of oil field remediation sites
are old and inactive oil fields containing wells and un-
derground piping which is no longer in use. In order to
prevent the oil from these sites from leaching into the
ground water and to enable a site to be used for other
purposes, it is necessary to remediate the site by remov-
ing the contaminated earth. In such an event, the
earthen removed, particularly the clay, shale and sand,
can be disposed of utilizing the process previously de-
scribed.

Petroleum product pumping and storage sites 72 are
also frequently contaminated by spills or leaks of petro-
leum products which require remediation of contami-
nated earthen materials. Remediation is necessary when
a significant spill occurs at an active pumping storage
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facility and remediation is almost always necessary
when an inactive pumpling or storage facility is re-
moved and the site converted to alternative uses.

Occasionally during transportation of petroleum
products, earth contaminated by transportation spills 74
will need to be remediated. Transportation-related spills
can occur almost anywhere, particularly along the
roadway or railway, or sites in which petroleum prod-
ucts are being loaded and unloaded.

Finally 1n FIG. 3§, a spill adjacent refinery 76 illus-
trates yet another potential remediation site which
could generate earthen materials which can be disposed
of utilizing the process of the present invention. This oil
refinery site, as well as the oil field 70, storage facility
72, transportation-related spill 74 and LUST site illus-
trated 1n FIG. 1 are examples of sources of contami-
nated soil containing clay or shale suitable for disposal
utilizing the process of the present invention. Sand con-
taminated from these various remediation sites can be
disposed of utilizing the present invention. However,
the requirements for sand and the cement-making pro-
cess 18 less than that of clay or shale.

The cement made utilizing the previously described
processes, may be utilized just as any other cement. This
process can be carried out at conventional existing ce-
ment plants without necessitating the installation of
expensive emission control equipment. It should be
further noted that there is no need to analyze the clay or
shale material received from the various remedial sites
for their organic content, this material can be handled
just as other clay or shale received from conventional
raw material mines. However, environmental regula-
tory agencies may require various analysis depending
upon the source and amount of petroleum contamina-
tion present.

It is also understood, of course, that while the form of
the invention herein shown and described constitutes a
preferred embodiment of the invention, it is not in-
tended to i1llustrate all possible forms thereof. It will also
be understood that the words used are words of descrip-
tion rather than limitation, and that various changes
may be made without departing from the spirit and
scope of the invention disclosed.

What is claimed is:

1. A process for disposing of earth contaminated with
petroleum products wherein the earth contains a signifi-
cant amount of material comprised primarily of a mix-
ture of one part Al)O3; and two to three parts SiO;
(Al203+ 5107 material), the process comprising:

digging up the contaminated earthen material:

separating the excavated earth into a Al,Os3
material and a non-Al,03+4 SiO; material;

mixing the Al»03+4SiO; material and other cement
precursor raw materials together to form a mix-
ture, and grinding the mixture to form a feed mix;

introducing the feed mix into a rotary cement kiln
causing any remaining petroleum product con-
tained therein to be volatilized and burned within
the kiln as cement clinker is being produced; and

grinding the cement clinker together to form cement
which 1s free of petroleum product.

2. The process of claim 1 further comprising separat-

S10,

- ing sand from the non-Al;O3+ SiO; material and adding

65

sand to the mixing step to achieve the desired amount of
Si0» 1n the feed mix.
3. The process of claim 2 further comprising trans-

porting the unused non-Al;0O34SiO; material to a non-
hazardous landfill.
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4. The process of claim 1 further comprising trans-
porting the non-AlyO3+ Si0; material to a non-hazard-
ous landfill.

5. The process of claim 1 wherein the petroleum
products comprise raw 0il, gasoline, fuel oil, diesel fuel
or waste o1l. -

6. The process of claim 1 where the Al»O3+ 510>
material comprises clay.

7. The process of claim 1 where the AlO3+ 510,
material comprises shale.

8. A process for disposing of sand containing soils
contaminated with petroleum products, the process
comprising:

digging up the contaminated soil;

separating the excavated soil into a sand and a non-

sand soil groups;

transporting the sand to a non-hazardous land fill;

transporting the sand to a wet process cement plant

site;
mixing the sand with cement precursor raw materials
and grinding the blended mixture together in the
presence of water to form a feed slurry;

introducing the feed slurry into a rotary cement kiin
causing the petroleum products therein to be vola-
tilized and burned within the kiln as cement clinker
is being produced; and

grinding gypsum and the cement clinker together to

form cement which is free of petroleum products.
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9. The process of claim 8 wherein the petroleum
products comprise raw oil, gasoline, fuel oil, diesel fuel
or waste oil.

10. A process for disposing of shale containing earth
contaminated with petroleum products, the process
comprising:

digging up the contaminated earth;

separating the excavated earth into a shale and a

non-shale groups;

transporting the non-shale group to a non-hazardous

land fill;

transporting the shale to a dry process cement plant

site;
crushing the shale to form granular shale;
mixing the granular shale with other cement precur-
sor raw materials and grinding the mixture to-
gether forming a dry feed mix;

introducing the dry feed mix into a rotary cement kiln
causing any remaining petroleum products therein
to be volatilized and burned as cement clinker is
being produced; and

grinding gypsum and the cement clinker together to

form portland cement which is free of petroleum
products.

11. The process of claim 10 wherein the petroleum
products comprise raw oil, gasoline, fuel oil, diesel fuel

or waste otl.
%k * * * -
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